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VEHICULAR COMMUNICATION
APPARATUS, AND VEHICLE CONTROL
SYSTEM AND TRAFFIC SYSTEM USING

THE VEHICULAR COMMUNICATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
Patent Application No. 2018-181319 filed on Sep. 27, 2018,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

The disclosure relates to a vehicular communication appa-
ratus, and a vehicle control system and a traflic system using,
the same.

In recent years, as for vehicles such as automobiles on
which persons get when moving, 1t has been considered to
assist or automatically control the travel of the vehicles and
the operation of devices that are used in the vehicles.
Moreover, 1n order to improve, for instance, the safety, the
smoothness, the movement cost, the comtfortableness, and
the environmental friendliness of vehicles when moving, it
1s desirable to control the vehicles, not only based on
information separately detected by each vehicle, but also
using complex information obtained by widely acquiring
and collecting information related to movements of other
movable bodies such as the other vehicles except the host
vehicle and pedestrians, and mformation on a travel envi-
ronment.

Traflic systems available for this purpose include, for
instance, an intelligent transport system (ITS), a cooperative
I'TS, universal traflic management systems (UTMS), an
advanced rapid transit (ART), and a public transportation
priority system (PTPS), and the study and the development

of these systems have been progressed. Moreover, as for the
cooperative I'TS, the standard TC204/W(G18 1s formulated.

SUMMARY

An aspect of the disclosure provides a vehicular commu-
nication apparatus configured to receive movement data
related to a movement of other movable bodies. The vehicu-
lar communication apparatus includes an acquiring unit, a
memory, and a data managing unit. The acquiring unit 1s
configured to acquire the movement data on the other
movable bodies. The memory 1s configured to store and
record therein the movement data acquired by the acquiring,
unit. The data managing unit 1s configured to manage the
record of the movement data in the memory. The data
managing unit 1s configured to acquire a speed of each
movable body that is obtained from the movement data
recorded 1n the memory, and invalidate or delete the move-
ment data recorded in the memory on a movable-body by
movable-body basis in accordance with the acquired speed
of the each movable body.

An aspect of the disclosure provides a vehicle control
system 1ncluding the above vehicular communication appa-
ratus and a vehicle control apparatus. The vehicle control
apparatus 1s configured to control a vehicle using the move-
ment data recorded 1n the memory of the vehicular commu-
nication apparatus.

An aspect of the disclosure provides a traflic system
including the above vehicular communication apparatus and
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a server apparatus. The server apparatus 1s configured to
transmit and receive movement data related to the move-
ments of the movable bodies to and from the vehicular
communication apparatus.

An aspect of the disclosure provides a vehicular commu-
nication apparatus configured to receive movement data
related to a movement of other movable bodies. The vehicu-
lar communication apparatus includes circuitry. The cir-
cuitry 1s configured to acquire the movement data on the
other movable bodies. The circuitry 1s configured to store
and record therein the acquired movement data by the
acquiring unit. The circuitry 1s configured to manage the
record of the movement data. The circuitry 1s configured to
acquire a speed of each movable body that 1s obtained from
the movement data recorded in the memory, and nvalidate
or delete the recorded movement data on a movable-body by
movable-body basis in accordance with the acquired speed
of the each movable body.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the disclosure and are incorporated
in and constitute a part of this specification. The drawings
illustrate example embodiments and, together with the
specification, serve to explain the principles of the disclo-
sure.

FIG. 1 1s a schematic explanatory diagram 1llustrating an
instance of a trailic system according to some embodiments
of the disclosure.

FIG. 2 1s an explanatory diagram 1illustrating an instance
in which vehicles and pedestrians are moving as a plurality
of movable bodies.

FIG. 3A to FIG. 3E are explanatory diagrams illustrating,
a correspondence relationship between generation status of
movement data related to the movements of the plurality of
movable bodies and the amount of data stored 1n a memory.

FIG. 4 1s an explanatory diagram 1illustrating an instance
ol a vehicle control system that 1s provided with a vehicular
communication apparatus according to the embodiment of
the disclosure.

FIG. 5 1s an explanatory diagram 1llustrating an instance
of processing of a receiving controller 1n FIG. 4.

FIG. 6 1s an explanatory diagram of an instance of
processing of a transmitting controller in FIG. 4.

FIG. 7 1s an explanatory diagram 1illustrating an instance
of processing of a movable body monitoring unmit in FIG. 4.

FIG. 8 1s an explanatory diagram 1llustrating an instance
of processing of a travel controller serving as a vehicle
control apparatus in FIG. 4.

FIG. 9 1s an explanatory diagram of an instance of
processing ol a memory managing unit in FIG. 4 according
to a first embodiment of the disclosure.

FIG. 10 1s an explanatory diagram of an instance of
processing ol the memory managing unit in FIG. 4 accord-
ing to a second embodiment of the disclosure.

DETAILED DESCRIPTION

In the following, some embodiments of the disclosure are
described 1n detail with reference to the accompanying
drawings. Note that sizes, matenals, specific values, and any
other factors 1llustrated 1n respective embodiments are 1llus-
trative for easier understanding of the disclosure, and are not
intended to limit the scope of the disclosure unless otherwise
specifically stated. Further, elements in the following
example embodiments which are not recited in a most-
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generic imndependent claim of the disclosure are optional and
may be provided on an as-needed basis. Throughout the

present specification and the drawings, elements having
substantially the same function and configuration are
denoted with the same reference numerals to avoid any 3
redundant description. Further, elements that are not directly
related to the disclosure are unillustrated in the drawings.
The drawings are schematic and are not mtended to be
drawn to scale. In a situation in which information on
movable bodies and the like can be actually transmitted and
recetved, vehicles such as automobiles that collect and
process movement data on movements ol movable bodies
would be to acquire a large amount of movement data and
to use the data for control of the vehicles.

However, a vehicle of related art such as an automobile
simply processes data detected by the host vehicle, and
receives and processes static congestion data into which
movements of individual movable bodies are collectively
abstracted and partial map data for guiding a path, 1n an area
including the host vehicle position.

In other words, even 1 a technology enables current
vehicles to widely collect information on movable bodies,
the current vehicles cannot appropriately acquire widely
collected dynamic movement data on a large number of the
movable bodies and control the travel or the like of the
vehicles based on the acquired large amount of the dynamic
movement data.

Japanese Unexamined Patent Application Publication (JP-
A) No. 2013-207940 discloses a technique of deleting old
data, as a technique under study and development. JP-A No.
2018-101384 discloses a technique of deleting data after a
predetermined time has elapsed.

However, those techniques basically delete old data uni-
tormly. When these techniques are applied to a large amount
of dynamic movement data on movable bodies, there 1s a
possibility that the data to be deleted may contain usetul
data. Moreover, there 1s a possibility that unnecessary data
may remain in new data to be not deleted. Such data remains
to cause not only the shortage of the memory, but also there
1s a possibility that the vehicle can never move forward or
the movement of the vehicle 1s unnecessarily and exces-
sively reactive.

It 1s desirable for a vehicle such as an automobile to
appropriately acquire movement data on a plurality of
movable bodies that can be collected.
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First Embodiment

FIG. 1 1s a schematic explanatory diagram 1llustrating an
instance of a traflic system 1 according to embodiments of 50
the disclosure.

FIG. 1 1llustrates a plurality of vehicles 2 serving as a
plurality of movable bodies, and a plurality of pedestrians 3
serving as low-speed movable bodies. In the vehicles 2 such
as automobiles on which persons get when moving, assisting
or automatically controlling the travel of the vehicles 2 and
the operation of devices that are used 1n the vehicles 2 have
become available. In addition to an automobile or an electric
vehicle on which a plurality of persons can get, instances of
the vehicles 2 include a motor cycle, a personal mobility aid, 60
a cart, and an electric wheelchair.

The traflic system 1 1n FIG. 1 includes a plurality of
vehicular communication apparatuses, a plurality of pedes-
trian communication devices, a base station 4, a beacon
apparatus 5, and a server apparatus 6. The plurality of 65
vehicular communication apparatuses are respectively pro-
vided to the vehicles 2 such as automobiles. The plurality of

55

4

pedestrian communication devices are respectively carried
by the low-speed movable bodies such as the pedestrians 3.
FIG. 1 1llustrates the vehicles 2 in place of the vehicular
communication apparatuses and the pedestrians 3 1n place of
the pedestrian communication device. The tratlic system 1
may use a base station of a commercial wireless communi-
cation and a communication device that i1s disposed on a
road shoulder of a highway, as the base station 4.

In the traflic system 1 in FIG. 1, the communication

device of each of the vehicles 2 and the pedestrians 3
transmits movement data related to a movement itself as a
movable body to the server apparatus 6 via the base station
4 or the beacon apparatus 5. The server apparatus 6 collects
the movement data related to the movements of the plurality
of movable bodies, generates data on traflic information as
necessary based on the collected movement data, and trans-
mits the movement data and the data on the trathc informa-
tion to the communication devices. The server apparatus 6
transmits and receives the movement data related to the
movements of the movable bodies, to and from the vehicular
communication apparatuses.

In the traflic system 1 in FIG. 1, the communication
device of each of the vehicles 2 and the pedestrians 3
transmits the movement data related to the movement 1tself
as a movable body to another commumnication device that 1s
in the vicinity thereof.

Upon receipt of the movement data and the like from the
server apparatus 6 or a communication device of another
movable body, each communication device stores and uses
the movement data and the like for control of the movement
itsellf.

For instance, 1n FIG. 1, the right-hand vehicle 2 travels
straight leftward. The left-hand vehicle 2 i FIG. 1 travels
straight rightward. The right-hand vehicle 2 and the left-
hand vehicle 2 1n FIG. 1 pass each other on a bidirectional
road, for instance.

The lower-right-hand pedestrian 3 1 FIG. 1 travels
straight upward. Before the lower-right-hand pedestrian 3
with a low movement speed reaches an intersecting position
of courses of the right-hand vehicle 2 and the left-hand
vehicle 2 1 FIG. 1, the rnight-hand vehicle 2 and the
left-hand vehicle 2 have passed the intersecting position.

In contrast, the upper-left-hand pedestrian 3 1n FIG. 1
travels straight downward. Accordingly, there 1s a possibility
that before and after the timing when the upper-left-hand
pedestrian 3 reaches an 1ntersecting position, the right-hand
vehicle 2 in FIG. 1 may reach the intersecting position.

In this case, the vehicular communication apparatus
mounted on the nght-hand vehicle 2 1n FIG. 1 accelerates or
decelerates the movement speed of the host vehicle so that
the right-hand vehicle 2 does not pass through the intersect-
ing position simultaneously with the upper-left-hand pedes-
trian 3, based on pre-received movement data related to the
movement of the upper-left-hand pedestrian 3.

It 1s expected that the traflic system 1 transmits and
receives movement data related to movements of a plurality
of movable bodies to and from the plurality of movable
bodies to allow the plurality of movable bodies to move 1n
safety.

For instance, the vehicle 2 can control the vehicle 2 not
only based on information detected by the vehicle 2 itsell,
but also using complex information obtained by widely
acquiring and collecting (1) mformation related to move-
ments of other movable bodies, such as other vehicles than
the host vehicle, and the pedestrians 3, and (11) information
on an travel environment.
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Transmitting and receiving the movement data among the
plurality of movable bodies using the trathic system. 1 1n this
manner can improve the safety, the smoothness, the move-
ment cost, the comfortableness, and the environmental
friendliness of the movements of the movable bodies.

The traflic system 1 available for such a case includes, for
instance, an intelligent transport system (ITS), a cooperative
I'TS, universal traflic management systems (UTMS), an
advanced rapid transit (ART), and a public transportation

priority system (PTPS). The cooperative I'TS 1s standardized
by the standard TC204/WG18.

FIG. 2 1s an explanatory diagram illustrating an instance
in which the vehicles 2 and the pedestrians 3 are moving as
a plurality of movable bodies.

FIG. 2 illustrates a main road 7 that extends 1n the vertical

direction, and an alley 8 that extends in the left direction
from the main road 7. The vehicles 2 such as automobiles
move on central portions of the main road 7 and the alley 8.
The pedestrians 3 move on side portions of the main road 7
and the alley 8. Moreover, the pedestrians 3 stop belfore a
pedestrian crossing 9 on a red trailic signal, and cross the
main road 7 on the pedestrian crossing 9 when the trathic
signal turns to green. FI1G. 2 illustrates a large number of the
pedestrians 3 and a large number of the vehicles 2.

In order to achieve the above-mentioned object of the
traflic system 1, the vehicle 2 that travels on the main road
7 from the lower part to the upper part 1n FIG. 2 1n such a
travel environment, for instance, 1s cautious about not only
another vehicle 2 such as an oncoming vehicle that travels
on the same main road 7, but also a large number of
pedestrians 3 that walk on the road side stripe near the
vehicle 2, the pedestrian 3 and the vehicle 2 that appear from
the alley 8, and travels by finely adjusting a course thereof
so as not to come into contact, such as collision, with these.

Accordingly, the vehicle 2 is to instantaneously acquire
movement data having information, such as the positions
and the speed of a large number of other movable bodies that
are present 1 the surrounding thereof. This enables the
vehicle 2, when passing by another movable body, to adjust
the course so as not to come 1nto contact with the other
movable body.

Each movable body 1s to continuously acquire the latest
movement data on a large number of other movable bodies
that are present in the surrounding of the movable body
itself. For instance, the vehicle 2 that 1s located at the head
on the alley 8 1s to continuously acquire the latest movement
data on a large number of other movable bodies that are 1n
an area surrounded by a circular dashed line.

Moreover, each movable body 1s unable to limit the
number of other movable bodies that are present 1n the
surrounding thereof by the movable body 1tself.

FIG. 3A to FIG. 3E are explanatory diagrams 1llustrating
a correspondence relationship between a generation status of
movement data related to movements of a plurality of
movable bodies and the amount of data stored 1n a memory
18.

FIG. 3 A 1llustrates plural pieces of movement data on a
pedestrian A.

FIG. 3B illustrates plural pieces of movement data on a
vehicle A.

FIG. 3C illustrates plural pieces of movement data on a
pedestrian B.

FI1G. 3D illustrates plural pieces of movement data on a
vehicle B.

In FIG. 3A to FIG. 3D, the plural pieces of movement data
are generated in order from the left side to the right side.
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FIG. 3E illustrates a time change graph illustrating the
total data amount of the movement data from FIG. 3A to

FIG. 3D.

As 1llustrated in the graph in FIG. 3E, the total data
amount of the movement data proportionally increases 1n
accordance with the elapse of time. Moreover, the increase

ratio of the total data amount becomes larger as the number
of movable bodies increases more.

In order to achieve the object of the trathic system 1, as
illustrated 1n FIG. 3A to FIG. 3D, each movable body
repeatedly transmits movement data having information,
such as the latest position and speed thereof, at as short
intervals as possible.

As aresult, as illustrated in FIG. 3E, the total data amount
of the movement data that are transmitted and received

among the plurality of movable bodies dramatically
increases in accordance with the number of movable bodies
to be collected and the elapsed time from when the collec-
tion 1s started. The amount of data stored 1n the memory by
cach movable body 1n order to monitor the movements of the
other movable bodies also 1ncreases 1n the same tendency.

As 1n the foregoing, in order to achieve the object of the
tratlic system 1, the communication device 1n each movable
body that 1s provided to the vehicle 2 or the like and acquires
and collects the movement data 1s to approprately collect
such a large number of movement data and use the large
number of movement data for control of a movement
thereof.

The vehicle 2 such as an automobile has no experience of
having treated such a large number of data.

However, a vehicle 2 of related art such as an automobile
simply has a data processing ability of processing data
detected by the host vehicle, and receiving and processing
static congestion data into which movements of 1ndividual
movable bodies are collectively abstracted and partial map
data for guiding a path, 1n an area including the host vehicle
position.

In other words, even 1f a technology enables current
vehicles to widely collect information on movable bodies,
the current vehicles cannot appropnately acquire widely
collected dynamic movement data on a large number of the
movable bodies and control the travel and the like of the
vehicles based on the acquired dynamic movement data.

Moreover, even 1f the current vehicle has such a process-
ing ability, there 1s a possibility that the vehicle cannot move
forward at all or that an unnecessarily and excessively
reacted movement of the vehicle occurs.

Therefore, 1t may be contemplated, for mstance, that the
vehicular communication apparatus delete old movement
data to reduce the total amount of movement data that is
stored and used therein.

However, when such old movement data i1s uniformly
deleted, there 1s a possibility that movement data to be
deleted may include useful data. Moreover, there 1s a pos-
sibility that unnecessary data may remain in new movement
data to be not deleted.

It 1s desired that the vehicular communication apparatus
that 1s used i the vehicle 2 such as an automobile can
excellently acquire movement data on a plurality of movable
bodies that 1s collected 1n the traflic system 1, and excel-
lently control the travel and the like of the vehicle 2 based
on the acquired movement data.

Hereimaiter, measures taken in the present embodiment
will be described.

FIG. 4 1s an explanatory diagram 1llustrating an instance
of a vehicle control system 10 that 1s provided with a
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vehicular communication apparatus according to the
embodiment of the disclosure.

The vehicle control system 10 1n FIG. 4 15 provided to the
vehicle 2 as a movable body, and controls the travel and the
like of the vehicle 2. d

The wvehicle control system 10 mn FIG. 4 includes a
wireless communicating unit 11, an 1mage capturing device
12, a scanning device 13, a GPS receiver 14, a travel sensor
15, an environment sensor 16, an operation member 17, the
memory 18, a timer 19, an electronic control unit (ECU) 20,
and an 1n-vehicle network 21 that couples these units. A
one-chip microcomputer may include the memory 18, the
timer 19, and the like, in addition to the ECU 20. This
one-chip microcomputer may be coupled to the in-vehicle
network 21.

In FIG. 4, a vehicular communication apparatus 22 may
be configured with, for instance, the wireless communicat-
ing unit 11, the memory 18, the timer 19, and the ECU 20.

The 1n-vehicle network 21 1s a network that couples 20
devices that are provided to the respective units of the
vehicle 2, in the wvehicle 2 such as an automobile. The
in-vehicle network 21 may be a controller area network
(CAN), a local interconnect network (LLIN), or Ethernet, for
instance. Moreover, the in-vehicle network 21 may include 25
a relay device, and a plurality of communication cables that
are coupled to the relay device. In this case, the devices that
are provided to the respective units of the vehicle 2 may be
distributed and coupled to the plurality of communication
cables. The devices that are provided to the respective units
of the vehicle 2 transmit and receive data to and from other
devices via the in-vehicle network 21.

The 1image capturing device 12 captures an 1mage ol an
inside or a surrounding of the vehicle 2. The vehicle 2
compatible with the traflic system 1 may be provided with
the image capturing device 12 that captures at least an image
ahead of the vehicle 2. In this case, the vehicle 2 acquires a
captured 1mage of another vehicle or the like that 1s travel-

ling ahead of the vehicle 2. 40

The scanning device 13 scans another movable body and
a fixed 1nstalled object that are present 1n the surrounding of

the vehicle 2, by a radar or the like. This enables the vehicle

2 to detect distances or the like to the other movable body
and the fixed installed object that are present 1n the sur- 45
rounding of the vehicle 2.

The GPS receiver 14 receives radio waves from a GPS
satellite, and generates current position information on the
vehicle 2. The GPS receiver 14 may receive radio waves
from the base station 4 and a radio tower that are fixedly 50
disposed on the ground, and generate or correct the current
position information on the vehicle 2. The vehicle 2 may
generate the current position iformation on the vehicle 2
based on radio waves from the base station 4 that are
received by the wireless communicating unit 11, for 55
instance, different from the GPS receiver 14, or based on
detection about the travel of the vehicle 2.

The travel sensor 15 detects information related to actual
travel of the vehicle 2. The information related to the actual
travel of the vehicle 2 includes, for instance, a speed and a 60
movement direction of the vehicle 2. The information
related to the actual travel of the vehicle 2 may further
include, for instance, an operating state of a drive source, an
operating state of a transmission, an operating state of a
braking device, and a steering state of the vehicle 2. 65

The environment sensor 16 detects an actual environment
at a position where the vehicle 2 1s present. Information on
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the actual environment includes, for instance, a state of
sunshine, a state of rain, a type of road surface, the tem-
perature, and the humadity.

The operation member 17 1s a member with which an
occupant riding on the vehicle 2 operates the travel and the
like of the vehicle 2. The operation member 17 includes, for
instance, a steering wheel, an accelerator pedal, a brake
pedal, a shift lever, a wiper switch, a turn signal lever, a start
button, and an operation mode switching button. When the
occupant operates the operation member 17, the operation
member 17 generates information on the operation, and
outputs the information.

The timer 19 measures a time duration or a time, and
outputs the time duration or the time.

The wireless communicating unit 11 may simply transmit
and receive communication data of the traflic system 1. The
wireless communicating unit 11 performs communication
with the base station 4 and the beacon apparatus 35, for
instance, which are used 1n the traflic system 1, and performs
vehicle-to-vehicle (V2V) communication or V2X commu-
nication with the communication devices, which are used 1n
the other movable bodies. The wireless communicating unit
11 may perform commumication with one base station 4 or
one beacon apparatus 3 that performs communication 1n a
zone designated by the traflic system 1. In this case, when
the vehicle 2 moves over the zone, the traflic system 1
designates one base station 4 or one beacon apparatus 5 that
corresponds to a new zone as a destination of a wireless data
communication. This enables the wireless communicating
unit 11 to transmit and receive the movement data or the like
to and from the server apparatus 6 of the traflic system 1
even when the movable body 1s moving.

Herein, the movement data includes, for instance, iden-
tification information, attribute information, position infor-
mation, position detection time imnformation, speed informa-
tion, and travel direction information on a movable body.
The movement data may include, 1n addition to these, for
instance, time information corresponding to a generation
timing of the movement data, and the like.

The 1dentification information on a movable body may be
information for identifying the movable body from other
different movable bodies. The 1dentification information on
a movable body may be an i1dentification number unique to
the movable body, for instance. As for the identification
number on a movable body, for instance, a vehicle body
number and a serial number that are assigned to the vehicle
2, a MAC address and an IP address that are assigned to the
wireless communicating unit 11, and the like may be used.

The attribute information on a movable body 1s 1nforma-
tion indicating the type of the movable body. The types of
the movable body include, for instance, the vehicle 2, the
pedestrian 3, a bicycle, a dog, a child, and an elderly person.
When the movable body i1s the vehicle 2, the attribute
information may include, for instance, information on a
manufacturer of the vehicle body, a vehicle type, a model
number, a color number, an 1mage of appearance, an exterior
option to be made, the type of tires, the type of wheels, a
vehicle body number, and the like.

The position information on a movable body may be
position information generated by the GPS receiver 14, for
instance.

The position detection time information on a movable
body may be a measurement time by the timer 19 at timing
when the GPS receiver 14 receives GPS radio waves, and a
measurement time by the timer 19 at timing when the GPS
receiver 14 generates position information, for mnstance.
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The speed information on a movable body may be an
actual speed of the movable body detected by the travel
sensor 15, for instance.

The travel direction information on a movable body may
be an actual movement direction of the movable body
detected by the travel sensor 15, for instance.

The movement data may include a part of these informa-
tion. The plurality of movable bodies 1n the tratlic system 1
may transmit and recerve movement data including different
information.

The memory 18 records therein (1) various types of
programs that are used 1n the vehicle 2 and (11) various data
that 1s used during the execution of the programs. The data
to be recorded 1n the memory 18 includes data acquired in
the above-mentioned respective units of the vehicle 2. The
movement data recerved by the wireless communicating unit
11 1s stored and recorded 1n the memory 18, for instance.

The ECU 20 reads and executes the program recorded in
the memory 18. This implements a controller of the vehicle
2. The controller of the vehicle 2 controls the above-
mentioned respective units of the vehicle 2.

FIG. 4 illustrates, as functions of the controller of the
vehicle 2 that are implemented by the ECU 20, a memory
managing unit 31, a recerving controller 32, a movable body
monitoring unit 34, a transmitting controller 35, a travel
controller 36, and a path generator 37.

The memory managing unit 31 manages data to be
recorded 1n the memory 18, and executes recording, updat-
ing, and deleting of data to the memory 18. The memory
managing unit 31 manages the recording of movement data
in the memory 18, for instance.

The receiving controller 32 acquires reception data on
another movable body from the wireless communicating
unit 11 and processes the reception data on the other
movable body. When the reception data 1s movement data on
another movable body, for instance, the receiving controller
32 outputs the acquired movement data on the other mov-
able body to the memory managing unit 31 for recording 1t
in the memory 18. This stores and records plural pieces of
the acquired movement data 1n the memory 18.

The movable body monitoring unit 34 monitors move-
ments of a plurality of other movable bodies, based on the
information on the plurality of other movable bodies stored
and recorded in the memory 18. The movable body moni-
toring unit 34 monitors an influence on the course (travel) of
the host vehicle, caused by the movement of another mov-
able body, for instance.

The movable body monitoring unit 34 predicts courses of
the other movable bodies that are present within a monitor-
ing area including the host vehicle and the course, for
instance, and sets a monitoring level for each of the other
movable bodies based on a determination as to an 1ntersec-
tion with the course of the host vehicle.

The monitoring level for each of the other movable bodies
may be classified into, for instance, a high level when the
course of another movable body intersects with the course of
the host vehicle, a middle level when the course of another
movable body approaches the course of the host vehicle, and
a low level when the course of another movable body 1is
distant from the course of the host vehicle.

The transmitting controller 35 causes the wireless com-
municating unit 11 to transmit part or all of the movement
data on the plurality of other movable bodies that are stored
and recorded in the memory 18.

The path generator 37 generates a movement path along
which a movable body moves to a destination, and outputs
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information on the generated movement path to the memory
managing unit 31 for recording the generated movement
path in the memory 18.

The travel controller 36 controls the travel of the vehicle
2 by seli-driving or driving assist. The travel controller 36
adjusts the course of the vehicle 2 1n accordance with the
operation of the operation member 17 by the occupant, the
movement path recorded in the memory 18, the movement
data on the plurality of other movable bodies recorded 1n the
memory 18, the monitoring result by the movable body
monitoring unit 34, and the like, and controls the travel of
the vehicle 2, for instance.

For instance, the travel controller 36 determines a short-
term course based on the amount of operation of the opera-
tion member 17 and the movement path, and adjusts the
course of the vehicle 2 so as to prevent the short-term course
from intersecting with or approaching a course of another
movable body. Moreover, the travel controller 36 controls
the travel of the vehicle 2 so as to cause the vehicle 2 to
move along the generated course.

FIG. 5 1s an explanatory diagram 1illustrating an instance
of processing of the receiving controller 32 1n FIG. 4.

For instance, when the wireless communicating unit 11
receives new movement data, the receiving controller 32
may conduct reception processing 1in FIG. 5 repeatedly or at
periodic timing.

At a step ST1 1n the reception processing in FIG. 5, the
receiving controller 32 determines whether the wireless
communicating unit 11 has receirved movement data.

The receiving controller 32 may determine not only
whether the wireless communicating unit 11 receives move-
ment data on individual movable bodies but also whether the
wireless communicating umt 11 receives movement data on
a group ol a plurality of movable bodies. Moreover, the
receiving controller 32 may simply recetve movement data
on a group corresponding to a plurality of movable bodies,
but may not receive movement data on imdividual movable
bodies, and may make a determination, 1n some cases.

If the wireless commumicating unit 11 has not received
movement data, the receirving controller 32 ends the recep-
tion processing i FIG. 5.

If the wireless communicating unit 11 has received move-
ment data, the receiving controller 32 acquires the move-
ment data, and outputs the movement data to the memory
managing unit 31, at a step S12. The memory managing unit
31 stores the newly acquired movement data in the memory
18. Thereatfter, the receiving controller 32 ends the reception
processing 1 FIG. 5.

The processing in the foregoing 1s repeated to store plural
pieces of movement data on the respective other movable
bodies at diflerent times acquired by the receiving controller
32, in the memory 18.

FIG. 6 1s an explanatory diagram of an instance of
processing of the transmitting controller 35 1 FIG. 4.

For instance, when new movement data on the host
vehicle 1s recorded in the memory 18, the transmitting
controller 35 may repeatedly conduct transmission process-
ing 1 FIG. 6. Alternatively, at a periodic timing, the trans-
mitting controller 35 may repeatedly conduct the transmis-
s1on processing in FIG. 6.

At a step ST11 1n the transmission processing in FIG. 6,
the transmitting controller 35 determines whether the move-
ment data stored in the memory 18 includes data to be
transmuitted.

If the movement data stored 1n the memory 18 does not
include data to be transmitted, the transmitting controller 35
ends the transmission processing in FIG. 6.
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If the movement data stored in the memory 18 includes
data to be transmitted, at a step ST12, the transmitting
controller 35 acquires the data to be transmitted from the
memory 18, and outputs and transmits the data to be
transmitted to the wireless communicating unit 11. There- >
after, the transmitting controller 35 ends the transmission
processing 1n FIG. 6.

With the processing 1n the foregoing, the movement data
that 1s stored i the memory 18 1s transmitted to the
communication devices of the other movable bodies or the
vehicle control system 10, as approprniate. Each of the
communication devices of the other movable bodies or the
vehicle control system 10 stores the movement data trans-
mitted from the host vehicle 1n the memory 18 thereot, and
uses the movement data for control of the movement thereof.
When movement data on the host vehicle has been recorded
in the memory 18, the transmitting controller 35 may
transmit the movement data on the host vehicle with move-

ment data on the other movable bodies, to the communica- 20
tion devices of the other movable bodies or the vehicle
control system 10.

FIG. 7 1s an explanatory diagram illustrating an instance
of processing of the movable body monitoring unit 34 1n
Fl1G. 4. 25

The movable body monitoring unit 34 may repeatedly
conduct monitoring processing 1 FIG. 7, for instance, (1)
when a series of movement control by the travel controller
36 has been completed one time, (11) when new movement
data on the host vehicle has been recorded 1n the memory 18, 30
or (111) at periodic timing.

At a step ST21 of the monitoring processing in FIG. 7, as
tor plural pieces of movement data recorded in the memory
18, the movable body monitoring unit 34 acquires the
movement data on a movable-body by movable-body basis 35
or the movement data on a group by group basis. When
plural pieces of movement data on each movable body or
cach group at diflerent times have been stored in the memory
18, the movable body momitoring unit 34 acquires the plural
pieces of movement data. 40

At a step ST22, the movable body monitoring unit 34
predicts and determines, using the acquired movement data,

(1) whether the movement of another movable body corre-
sponding to the movement data influences the movement of
the host vehicle and (1) a degree of influence, and deter- 45
mines the monitoring level in accordance with the result of
the prediction determination. The movable body monitoring,
unit 34 predicts courses of the other movable bodies, for
instance, from the movement data, and determines whether
there 1s a possibility that the other movable body intersects 50
with or approaches the course of the host vehicle. Moreover,
the movable body monitoring unit 34 may calculate an
arrival time of the other movable body to the intersecting
position or the approaching position and an arrival time of
the host vehicle to the intersecting position or the approach- 55
ing position, and may determine whether there 1s a possi-
bility that the other movable body intersects with or
approaches the course of the host vehicle by considering a
time difference therebetween. The movable body monitoring
unit 34 uses all the movement data stored in the memory 18 60
to determine the movement of the other movable bodies with
high accuracy.

At a step ST23, the movable body monitoring unit 34
assigns a monitoring level to the other movable body based
on (1) whether the movement of the other movable body 65
influences the movement of the host vehicle and (11) the
degree of influence.

10

15

12

The monitoring level to be assigned to the other movable
body may be, for instance, a high level when the course of
the other movable body intersects with the course of the host
vehicle, a middle level when the course of the other movable
body approaches the course of the host vehicle, and a low
level when the course of the other movable body neither
intersects with nor approaches the course of the host vehicle.

Repeating the processing in the foregoing enables the
movable body monitoring unit 34 to continuously monitor
another movable body 1n accordance with an every-chang-
ing movement situation of the other movable body. More-
over, the movable body monitoring unit 34 may classity a
plurality of other movable bodies according to the monitor-
ing levels.

FIG. 8 1s an explanatory diagram 1illustrating an instance
of processing of the travel controller 36 serving as a vehicle
control apparatus 1n FIG. 4.

The travel controller 36 may repeatedly conduct traveling
processing 1n FIG. 8, for instance, (1) when a previous-time
series of the movement control by the travel controller 36
has completed, (1) when new movement data on the host
vehicle has been recorded in the memory 18 or (i111) at
periodic timing.

At a step ST31 of the travel processing in FIG. 8, the
travel controller 36 acquires detection data and the like of
various host vehicle sensors that are provided to the vehicle
2.

At a step ST32, the travel controller 36 determines
whether a travel state of the host vehicle 1s 1n an urgent state
based on the detection data of the host vehicle sensors. For
instance, when detecting running out of the pedestrian 3 or
another vehicle into a roadway in an 1mage ahead of the
vehicle 2 captured by the image capturing device 12, the
travel controller 36 determines that the travel state of the
host vehicle 1s the urgent state.

If the travel state of the host vehicle 1s the urgent state, the
travel controller 36 causes the processing to proceed to a
step ST36. At the step ST136, the travel controller 36
executes travel control of the vehicle 2 to deal with the
urgent situation, and occupant protection control. The travel
controller 36 executes, for instance, avoid control to
instantly brake the vehicle 2 to be stopped suddenly. More-
over, when the travel sensor 15 detects the high acceleration
aiter having started the control of the sudden stop, the travel
controller 36 executes the occupant protection control using
a seatbelt and an airbag. In the urgent travel control, the
travel controller 36 may transmit movement data on the host
vehicle indicating the urgency from the wireless communi-
cating unit 11 to other movable bodies. This enables the
other movable bodies to start necessary urgent travel control
following the urgent travel control of the host vehicle. The
travel controller 36 of the host vehicle may also determine
whether the wireless communicating unit 11 has recerved
movement data indicating the urgency from another mov-
able body at the step ST32. If the wireless communicating
unit 11 has received such movement data, the travel con-
troller 36 may cause the processing to proceed to the step
ST36.

Thereatter, the travel controller 36 proceeds the process-
ing to a step ST37.

I1 the travel state of the host vehicle 1s not the urgent state,
the travel controller 36 causes the processing to proceed to
a step ST33. At the step ST33, the travel controller 36
acquires the monitoring result by the movable body moni-
toring unit 34.

At a step ST34, the travel controller 36 generates or
adjusts a course of the vehicle 2 1n accordance with the
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monitoring results about the movements of the plurality of
movable bodies by the movable body monitoring unit 34,
and updates the course.

The travel controller 36 generates a course during a
movement control period this time of the vehicle 2, for
instance, based on the movement path generated by the path
generator 37. For instance, the travel controller 36 generates
a course 1n which the vehicle travels on a present lane
without any change when the vehicle travels straight. The
travel controller 36 generates a course 1n which the vehicle
changes the lane for right or left turning and travels when the
vehicles turns right or lett.

Moreover, the travel controller 36 determines, based on
the monitoring result, whether there 1s another movable
body having a possibility of intersecting or approaching the
course that 1s used for the movement control this time of the
vehicle 2 during the movement control period this time of
the vehicle 2. The travel controller 36 predicts a moving
speed and a moving direction of a movable body having a
high-level or middle-level momitoring result during the
movement control period this time of the vehicle 2, and
determines whether the movable body intersects with or
approaches the course of the host vehicle.

When there 1s no movable body that intersects with or
approaches the course of the host vehicle during the move-
ment control period this time of the vehicle 2, the travel
controller 36 adopts the course generated based on the
movement path as a course to be used for the control this
time and updates the course.

When there 1s another movable body that intersects with
or approaches the course of the host vehicle during the
movement control period this time of the vehicle 2, the
travel controller 36 updates the course so as to cause the
course generated based on the movement path to be apart
from the course of the other movable body. Alternatively, the
travel controller 36 updates speed information on the course
generated based on the movement path so as to allow the
vehicle to stop before the intersecting position or the
approaching position.

At a step ST3S, the travel controller 36 controls the travel
of the host vehicle, in accordance with the updated new
course, by the control within a range 1n which the vehicle 2
travels 1n safety. When the occupant operates the operation
member 17 during the control, the travel controller 36 may
adjust the course by increasing or decreasing an amount of
control relative to an amount of the operation to be close to
the updated new course.

At the step ST37, the travel controller 36 generates
movement data on the host vehicle including new position
information on the host vehicle and new time information
alter the control, and outputs the generated movement data
to the memory managing unit 31 to store the movement data
in the memory 18.

Repeating the processing in the foregoing enables the
travel controller 36 to continuously control the movement of
the host vehicle 1n accordance with an every-changing
movement situation of another movable body.

FIG. 9 1s an explanatory diagram of an instance of
processing of the memory managing unit 31 in FIG. 4
according to the first embodiment of the disclosure.

At a step ST41 in data management processing for the
memory 18 in FIG. 9, the memory managing unit 31
determines whether it 1s timing when movement data on
other movable bodies i1s periodically received from the
server apparatus 6, for instance. In addition to this, for
instance, the memory managing unit 31 may determine
whether 1t 1s periodic timing, such as 10 milliseconds, or
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may determine whether 1t 1s timing that the receiving
controller 32 has received new movement data on another
movable body. The memory managing unit 31 repeatedly
executes the data management processing for the memory
18 m FIG. 9.

If 1t 1s not the timing when movement data or the like 1s
periodically received, the memory managing umt 31 ends
the data management processing in FIG. 9.

If 1t 1s the timing when movement data or the like 1s
periodically recerved, the memory managing unit 31 actu-
ally starts the data management processing in FIG. 9.

At a step ST42, the memory managing unit 31 firstly
deletes movement data whose disposal cycle has expired,
among the movement data on the plurality of movable
bodies stored in the memory 18.

At a step ST43, the memory managing unit 31 acquires
movement data from the memory 18 on a movable-body by
movable-body basis after the delete processing.

At a step ST44, the memory managing unit 31 acquires,
based on the acquired movement data, an actual speed that
1s an actual movement speed of another movable body that
1s obtained from the movement data recorded in the memory
18. For instance, when the latest movement data includes
speed mformation, the memory managing unit 31 may use
the speed mformation as an actual speed. Moreover, when
the movement data include no speed information, the
memory managing unit 31 calculates an actual speed from
position information and time information in two pieces of
the latest movement data.

At a step ST45, the memory managing umt 31 calculates
a speed change (acceleration) based on the acquired actual
speed of the other movable body. For instance, when the
movement data includes speed information, the memory
managing umt 31 calculates a difference between an actual
speed of the latest movement data and an actual speed of the
previous movement data, and acquires a speed change.

At a step ST46, the memory managing unit 31 determines
whether the acquired speed change exceeds a normal range
of a speed change that can be assumed 1n accordance with
the type of the other movable body. For instance, when the
other movable body 1s the pedestrian 3, the normal range of
the speed change may be a range of a speed change at which
people can generally walk. For instance, when the other
movable body 1s the vehicle 2, the normal range of the speed
change may be a range of a speed change at which the
vehicle 2 can generally travel.

If the acquired speed change does not exceed the normal
range of the speed change, the memory managing unit 31
causes the processing to proceed to a step ST48. At the step
ST48, the memory managing unit 31 sets a cycle 1n which
the movement data on the other movable body being pro-
cessed 1s disposed of to a normal disposal cycle. The normal
disposal cycle may be a time twice or three times a cycle 1n
which movement data 1s generated 1in each movable body,
for mstance. Accordingly, even when the movement data
includes no speed information, the memory managing unit
31 can conduct arithmetic processing to obtain a speed or a
speed change for selecting a disposal cycle, based on the
requisite minimum pieces of movement data. It should be
noted that the disposal cycle may be changed 1n accordance
with the travel environment and the like.

If the acquired speed change exceeds the normal range of
the speed change, the memory managing unit 31 causes the
processing to proceed to a step ST47. At the step ST47, the
memory managing unit 31 sets a cycle 1n which the move-
ment data on the other movable body being processed 1s
disposed of to a cycle that 1s longer than the normal disposal
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cycle. This long-term disposal cycle 1s simply longer than a
normal disposal cycle and may be twice to three times the
normal disposal cycle. This enables movement data on
another movable body the speed change of which 1s not
normal and to which an attention i1s necessary to be paid, to
be stored 1in the memory 18. The movement data that 1s
larger than normal one and 1s stored in the memory 18
cnables the movable body monitoring unit 34 to well-
monitor the movement of the other movable body, and to
excellently determine (1) whether the movement of the other
movable body influences the movement of the host vehicle
and (11) the degree of influence on the movement of the host
vehicle.

At a step ST49, the memory managing unit 31 determines
whether the scanning processing has been completed for all
the other movable bodies stored in the memory 18.

If the scanning processing has been not completed for all
the other movable bodies, the memory managing unit 31
returns the processing to the step ST43, and repeats the
processing for next another movable body. Accordingly, the
scanning processing 1s performed for all the other movable
bodies the movement data of which 1s stored in the memory
18, and a disposal cycle 1s set 1n accordance with each speed
change. At the processing at the step ST42 next time, the
memory managing unit 31 can delete movement data whose

disposal cycle has expired from the memory 18, as for the
other movable bodies.

Thereafter, the memory managing unit 31 ends the data
management processing 1 FIG. 9.

By repeating the data management processing in the
foregoing, the memory managing unit 31 can periodically
delete the movement data that has become old from the
memory 18 on a movable-body by movable-body basis in
accordance with the actual speeds of the other movable
bodies. This prevents the amount of data stored in the
memory 18 from continuously increasing with time. It 1s
possible to appropriately store the movement data on a
plurality of other movable bodies using the memory 18
having a limited storage capacity.

It should be noted that the memory managing unmit 31 may
not instantaneously delete movement data whose disposal
cycle has expired at the determination timing, but may
invalidate the movement data and then overwrite the move-
ment data at timing when the storage capacity of the memory
18 becomes insuilicient, thereby deleting the movement data
from the memory 18. In this case, the movable body
monitoring unit 34 may monitor a movement on each of the
other movable bodies only based on the valid movement
data that has not been 1nvalidated.

Moreover, i the processing i FIG. 9, the memory
managing unit 31 adjusts the disposal timing of the move-
ment data based on the disposal cycle. In addition to this, the
memory managing unit 31 may adjust the disposal timing of
the movement data based on the disposal frequency.

As 1n the foregoing, in the present embodiment, move-
ment data acquired 1n order to be used 1n the control of the
traveling of the vehicle 2 1s stored and recorded in the
memory 18, and the memory managing unit 31 manages the
recording of the movement data in the memory 18. More-
over, the memory managing unit 31 acquires an actual speed
of each movable body that 1s obtained from the recorded
movement data recorded in the memory 18, and periodically
deletes or invalidates the movement data from the memory
18 on the movable-body by movable-body basis in accor-
dance with the actual speed of each movable body acquired
from the movement data stored in the memory 18.
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For instance, the memory managing unit 31 deletes or
invalidates the past movement data from the memory 18 on
the movable-body by movable-body basis at the disposal
cycle which 1s acquired from the normal disposal cycle and
the long-term disposal cycle 1n accordance with the degree
of the change (acceleration) 1n actual speed of each of the
other movable bodies. Specifically, for instance, when the
change 1n the actual speed of the movable body 1s within the
predetermined normal range of the speed change, the
memory managing unit 31 deletes or invalidates the past
movement data from the memory 18 on the movable-body
by movable-body basis in the normal disposal cycle. When
the change in the actual speed of the movable body 1s not
within the predetermined normal range of the speed change,
the memory managing unit 31 deletes or invalidates the past
movement data from the memory 18 on the movable-body
by movable-body basis 1 the long-term disposal cycle.

Therefore, for instance, when the change in the actual
speed of a movable body exceeds the predetermined normal
range of the speed change, movement data on the movable
body 1s stored and recorded 1n the memory 18 during a long
period. Movement data having a possibility that the move-
ment data 1s usetul i control of the travelling and the like
of the vehicle 2 can be stored and recorded in the memory
18 during the long period. Moreover, when the change 1n the
actual speed of the movable body falls within the predeter-
mined normal range of the speed change, movement data on
the movable body 1s deleted from the memory 18 in the
normal period. Movement data having a possibility that the
movement data 1s unnecessary in control of the travelling
and the like of the vehicle 2 can be deleted from the memory
18 early. The movable body monitoring unit 34 can more
surely predict individual movement statuses of the other
movable bodies, using the movement data that has been
approprately stored 1n the memory 18. Moreover, compared
with a case where the movement data 1in the memory 18 1s
uniformly kept 1n the long-term disposal cycle, and there-
after, 1s deleted, 1t 1s possible to reduce the storage capacity
necessary for the memory 18.

As a result, 1n the present embodiment, 1t 1s possible to
excellently acquire and store movement data of a plurality of
other movable bodies that can be collected in the traflic
system 1, 1n the vehicle 2, such as an automobile. Moreover,
in the present embodiment, based on the movement data that
has been sutably acquired and stored, it 1s possible to
excellently control the travelling and the like of the vehicle
2.

Moreover, 1n the present embodiment, the movement data
stored in the memory 18 1s appropnately deleted, so that it
1s possible to reduce the storage capacity of the memory 18
and the processing load of the ECU that processes the
movement data. For instance, in the present embodiment, 1t
1s possible to prevent the control of the vehicle 2 from
becoming impossible, prevent a situation where the vehicle
2 does not travel forward, and prevent the vehicle 2 from
excessively reacting, due to the overflow of the movement
data to be stored in the memory 18.

In the present embodiment, the memory managing unit 31
deletes or imvalidates the past movement data from the
memory 18 on the movable-body by movable-body basis at
the timing when the movement data 1s recerved and col-
lected 1n accordance with a cycle 1n which movement data
on the other movable bodies 1s periodically received from
the server apparatus 6 or the like. Therefore, 1t 1s possible to
delete unnecessary movement data 1n accordance with the
cycle 1n which movement data on the other movable bodies
1s recerved. The data amount of movement data that 1s stored
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in the memory 18 can be reduced to an amount correspond-
ing to the timing when movement data 1s periodically
received.

Second Embodiment

Next, the traflic system 1 according to a second embodi-
ment of the disclosure will be described. In the present
embodiment, the same reference signs are used for configu-
rations similar to those 1n the above-described embodiment,
and 1llustration and explanations thereof will be omitted. In
the following explanation, differences from the above-de-
scribed embodiment will be mainly described.

FIG. 10 1s an explanatory diagram of an instance of
processing of the memory managing umit 31 i FIG. 4
according to the second embodiment of the disclosure.

The processing from the steps ST41 to ST49 1 FIG. 10
1s similar to that at the steps i FIG. 9 1n the above-described
embodiment.

After having acquired movement data on each of other
movable bodies from the memory 18 after the delete pro-
cessing at the step ST43, the memory managing unit 31
determines, using position mnformation on the other movable
body, whether the other movable body 1s present 1n a distant
place far in distance from the host vehicle at a step ST51. IT
the other movable body 1s present in a distant place where
the other movable body does not influence on the travelling
of the host vehicle, the memory managing unit 31 causes the
processing to proceed to the step ST48, and sets the normal
disposal cycle for the other movable body. A determination
distance for a distant place may be several tens to several
hundreds meters, when the other movable body is the
vehicle 2, for mstance. When the other movable body 1s the
pedestrian 3, the determination distance may be a movement
distance 1n a control cycle based on the movement speed of
the host vehicle.

If the other movable body 1s not present in a distant place
from the host vehicle, the memory managing unit 31 causes
the processing to proceed to a step ST52. At the step STS2,
the memory managing unit 31 determines a possibility that
the other movable body does not come 1nto contact with the
host vehicle. When 1t 1s considered that the other movable
body travels on a road of a different category, the memory
managing unit 31 determines that there 1s no contact possi-
bility between the other movable body and the host vehicle.
For instance, a highway 1s different in category from an
ordinary road. Moreover, the memory managing unit 31 may
determine that there 1s no contact possibility, with respect to
another movable body that 1s apart by several hundreds or
more meters from the host vehicle. If there 1s no contact
possibility between the other movable body and the host
vehicle, the memory managing unit 31 causes the processing,
to proceed to the step ST48, and sets the normal disposal
cycle for the other movable body.

If the memory managing unit 31 cannot determine that
there 1s no contact possibility between the other movable
body and the host vehicle, the memory managing unit 31
causes the processing to proceed to the step ST44, and sets
a disposal cycle 1n accordance with the degree of change 1n
the actual speed at the steps ST44 to ST48.

In this case, the memory managing unit 31 calculates a
long-term disposal cycle for another movable body, at the
step S133.

For instance, the memory managing unit 31 calculates (1)
a time when another movable body a course of which 1is
expected to intersect with the host vehicle arrives at an
intersecting position, and (1) a time when the host vehicle
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arrives at the tersecting position, based on the respective
movement data. Then, the memory managing unit 31 sets the
shorter time among those arrival times as a long-term
disposal cycle of another movable body. When the arrival
time ol another movable body 1s shorter than that of the host
vehicle, there 1s a high possibility that another movable body
passes through the intersecting position before the host
vehicle arrives at. Therefore, the memory managing unit 31
sets the arrival time of another movable body as a long-term
disposal cycle. When the arrival time of another movable
body 1s longer than that of the host vehicle, there 1s a high
possibility that another movable body arrives at the inter-
secting position after the host vehicle has passed. Theretore,
the memory managing unit 31 sets the arrival time of the
host vehicle as a long-term disposal cycle. When a differ-
ence between the arrival time of the host vehicle and the
arrival time of another movable body 1s small, and when
there 1s a high possibility that the host vehicle 1s influenced,
the memory managing unit 31 sets a time obtained by adding
a control time to the arrival time, as a long-term disposal
cycle. Accordingly, when the host vehicle and another
movable body arrive at the intersecting position at the
approximately same time, the travel controller 36 can con-
duct effective prevention control by utilizing movement data
on the other movable body. For instance, the travel controller
36 can decelerate the vehicle 2 short of the intersecting
position, and wait until another movable body has passed.

Thereatter, at the step ST49, the memory managing unit
31 determines whether the scanning processing has been
completed for all the other movable bodies stored in the
memory 18. The subsequent processing by the memory
managing unit 31 1s similar to that described 1n the embodi-
ment described above.

As described 1n the foregoing, 1n the present embodiment,
the memory managing unit 31 deletes or invalidates, among
the movement data recorded 1n the memory 18, movement
data on other movable bodies that are determined to be
unlikely to come into contact with the host vehicle and
movement data on other movable bodies that are far in
distance from the host vehicle, from the memory 18 on the
movable-body by movable-body basis. Theretfore, move-
ment data having a high possibility of becoming unneces-
sary on other movable bodies which are unlikely to come
into contact with the host vehicle and other movable bodies
that are far in distance are appropriately deleted in the
normal disposal cycle independent of the change 1n speed of
the movable bodies, without setting the long-term disposal
cycle based on the actual speed and the speed change.

In the present embodiment, as for another movable body
a course ol which 1s expected to intersect with a course of
the host vehicle, the memory managing unit 31 uses, as a
disposal cycle longer than the normal disposal cycle, a
disposal cycle or a disposal frequency of the other movable
body that has been changed using a time shorter between a
time when the other movable body arrives at an intersecting
position and a time when the host vehicle arrives at the
intersecting position as a reference. Therefore, until the time
when the host vehicle or another movable body arrives at the
intersecting position, 1t 1s possible to store the movement
data on the other movable body in the memory 18. It 1s
possible to approprately store and keep movement data
having a high possibility of becoming necessary, in the
memory 18, in a period having a high possibility that the
movement data becomes necessary.

The embodiments in the foregoing are preferred examples
of the disclosure. However, the disclosure 1s not limited to
these embodiments. Many modifications and changes may
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be made to the embodiments without departing from the
sprit and scope of the disclosure.

For mstance, in the above embodiments, when the change
in the actual speed of another movable body deviates from
the normal change range, the memory managing umt 31
starts or restarts storing movement data on another movable
body 1n the memory 18.

In addition to this, when the actual speed of another
movable body deviates from the normal speed range, the
memory managing unit 31 may start or restart storing
movement data on the other movable body 1n the memory
18.

Moreover, when at least one of the actual speed or the
change 1n the actual speed deviates from each normal range,
the memory managing unit 31 may start or restart storing
movement data on another movable body 1n the memory 18.

In the above embodiments, the vehicle control system 10
and the communication device which are provided to the
movable body use the movable body momitoring unit 34 and
the travel controller 36 1n order to control the movement of
the vehicle 2 based on the movement data stored in the
memory 18.

Alternatively, for instance, the vehicle control system 10
and the communication device that are provided to the
movable body may conduct processing similar to that of the
movable body monitoring unit 34 in the processing of the
travel controller 36, and simply use the travel controller 36.
In this case, the travel controller 36 may conduct processing
similar to that of the movable body monitoring unit 34 at the
step ST43 1n FIG. 9, for instance. Moreover, when the
movable body monitoring unit 34 i1s integrated with the
travel controller 36, the travel controller 36 may update,
without assigning a monitoring level, the course so as to
adjust the course, using the monitoring determination result
as 1t 1s.

In the above embodiments, the vehicle control system 10
and the communication device that are provided to the
movable body includes the receiving controller 32 and the
memory managing unit 31.

Alternatively, for instance, the vehicle control system 10
and the communication device that are provided to the
movable body may integrate the memory managing unit 31
with the receiving controller 32, and cause the receiving
controller 32 to conduct the delete processing of the move-
ment data from the memory 18. In this case, the receiving
controller 32 sets a disposal cycle for each of the movable
bodies when recerving movement data, for instance, and
may delete the movement data whose disposal cycle has
expired, from the memory 18 on the movable-body by
movable-body basis.

In the above embodiment, the vehicle control system 10
and the communication device that are provided to the
movable body includes the travel controller 36 and the
transmitting controller 35.

Alternatively, for instance, the vehicle control system 10
and the communication device that are provided to the
movable body may integrate the transmitting controller 35
with the travel controller 36, and cause the travel controller
36 to conduct the transmission processing of the movement
data. In this case, the travel controller 36 may transmit the
stored movement data on the host vehicle by the wireless
communicating unit 11, after the processing at the step ST47
in FIG. 9, for instance.

In the above embodiment, the vehicle control system 10
provided to the vehicle 2 i1s provided with the respect units
illustrated 1n FIG. 4. Alternatively, for instance, the vehicle
control system 10 may be provided with a part of the
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functions 1n FIG. 4. Moreover, the vehicle control system 10
may be provided with all of the functions in FIG. 4 by the
remaining functions in FIG. 4 being provided by a mobile
terminal, for instance, with respect to the part of the func-
tions 1 FIG. 4, which are uniquely provided.

Moreover, the vehicle control system 10 may be provided
a part of the functions in FIG. 4, and may conduct the
above-mentioned various processing in that state. The
vehicular communication apparatus 22 may be provided
with a part of the functions 1n FIG. 4, as the host vehicle
sensor to be mounted on the vehicle 2, for instance. Spe-
cifically, when conducting the control other than the travel
in the vehicle 2, the vehicle control system 10 does not need
to be provided with all the host vehicle sensors 1n FIG. 4, the
operation member 17, and the path generator 37 of the ECU
20. Even 1n this case, the vehicular communication appara-
tus 22 that 1s provided to the vehicle control system 10
configures the traflic system 1 that transmits and receives
movement data and the like to and from the server apparatus

6.

In the above embodiment, the vehicular communication
apparatus 22 has been described as a part of the vehicle
control system 10. A control system for a low-speed mov-
able body such as the pedestrian 3 and a bicycle may be also
provided with functions similar to those of the above-
mentioned the wvehicular communication apparatus 22.
Moreover, the above-mentioned vehicle control system 10
and the vehicular communication apparatus 22 may be also
applied to the vehicle 2 of a different type, such as an electric
train, other than the vehicle 2.

The mvention claimed 1s:

1. A vehicular communication apparatus configured to
receive movement data related to a movement of other
movable bodies, the vehicular communication apparatus
comprising;

a controller configured to:

control acquisition of the movement data on the other
movable bodies;

control a memory to store and record therein the
acquired movement data;

manage the record of the movement data i the
memory;

control acquisition of a speed of each movable body of
the other movable bodies from the movement data
recorded 1n the memory;

control 1nvalidation or deletion of the movement data 1n
the memory, on a movable-body by movable-body
basis, 1n a first disposal cycle or at a first disposal
frequency, when a change 1n the speed of each
movable body of the other movable bodies 1s within
a predetermined range of a speed change; and

control invalidation or deletion of the movement data 1n
the memory, on the movable-body by movable-body
basis, 1n a second disposal cycle longer than the first
disposal cycle or at a second disposal frequency less

than the first disposal frequency, when the change 1n
the speed of each movable body of the other movable

bodies 1s not within the predetermined range of the
speed change.

2. The vehicular communication apparatus according to
claim 1, wherein the second disposal cycle or the second
disposal frequency 1s acquired from a plurality of disposal
cycles or a plurality of disposal frequencies in accordance
with a degree of the change 1n the speed of the each movable
body.

3. The vehicular communication apparatus according to
claam 1, wherein the controller 1s configured to control
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invalidation or deletion of the movement data in the memory
on the movable-body by movable-body basis in accordance
with a cycle 1n which the movement data on the other
movable bodies 1s acquired.

4. The vehicular communication apparatus according to
claiam 2, wherein the controller 1s configured to control
invalidation or deletion of the movement data in the memory
on the movable-body by movable-body basis 1n accordance
with a cycle mn which the movement data on the other
movable bodies 1s acquired.

5. The vehicular communication apparatus according to
claam 1, wherein the controller 1s configured to control,
among the movement data recorded in the memory, invali-
dation or deletion of the movement data on a first set of
movable bodies of the other movable bodies that are deter-
mined not to come 1nto contact with a host vehicle and the
movement data on a second set of movable bodies of the
other movable bodies that are at a position farther than a
specific distance from the host vehicle, on the movable-body
by movable-body basis.

6. The vehicular communication apparatus according to
claam 2, wherein the controller 1s configured to control,
among the movement data recorded in the memory, mvali-
dation or deletion of the movement data on a first set of
movable bodies of the other movable bodies that are deter-
mined not to come nto contact with a host vehicle and the
movement data on a second set of movable bodies of the
other movable bodies that are at a position farther than a
specific distance from the host vehicle, on the movable-body
by movable-body basis.

7. The vehicular communication apparatus according to
claim 1, wherein

the controller 1s configured to control invalidation or

deletion of the movement data, on the other movable
bodies courses of which are expected to intersect with
that of a host vehicle, on the movable-body by mov-
able-body basis 1n a disposal cycle of each of the other
movable bodies or at a disposal frequency of each of
the other movable bodies, and

the disposal cycle of each of the other movable bodies or

the disposal frequency of each of the other movable
bodies being changed using a shorter time among (1) a
time when the each movable body arrives at an inter-
secting position and (1) a time when the host vehicle
arrives at the intersecting position as a reference.

8. The vehicular communication apparatus according to
claim 2, wherein

the controller 1s configured to control invalidation or

deletion of the movement data, on the other movable
bodies courses of which are expected to intersect with
that of a host vehicle, on the movable-body by mov-
able-body basis 1n a disposal cycle of each of the other
movable bodies or at a disposal frequency of each of
the other movable bodies, and

the disposal cycle of each of the other movable bodies or

the disposal frequency of each of the other movable
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bodies being changed using a shorter time among (1) a
time when the each movable body arrives at an inter-
secting position and (1) a time when the host vehicle
arrives at the intersecting position as a reference.

9. A vehicle control system comprising:

the vehicular communication apparatus according to
claam 1; and

a vehicle control apparatus that includes circuitry config-
ured to control a vehicle using the movement data
recorded 1n the memory of the vehicular communica-
tion apparatus.

10. A vehicle control system comprising:

the vehicular communication apparatus according to
claim 2; and

a vehicle control apparatus that includes circuitry config-
ured to control a vehicle using the movement data
recorded in the memory of the vehicular communica-
tion apparatus.

11. A traflic system comprising:

the vehicular communication apparatus according to
claam 1; and

a server apparatus configured to transmit and receive the
movement data related to the movement of the other
movable bodies to and from the vehicular communi-
cation apparatus.

12. A traflic system comprising:

the vehicular communication apparatus according to
claim 2; and

a server apparatus configured to transmit and receive the
movement data related to the movement of the other
movable bodies to and from the vehicular communi-
cation apparatus.

13. A vehicular communication apparatus configured to
receive movement data related to a movement of other
movable bodies, the vehicular communication apparatus
comprising circuitry configured to:

acquire the movement data on the other movable bodies;

store and record therein the acquired movement data;

manage the record of the movement data 1n a memory;

acquire a speed of each movable body of the other
movable bodies from the recorded movement data in
the memory;

invalidate or delete the movement data 1n the memory, on
a movable-body by movable-body basis, 1n a first
disposal cycle or at a first disposal frequency, when a
change 1n the speed of each movable body of the other
movable bodies 1s within a predetermined range of a
speed change; and

invalidate or delete the movement data in the memory, on
the movable-body by movable-body basis, 1n a second
disposal cycle longer than the first disposal cycle or at
a second disposal frequency less than the first disposal
frequency, when the change 1n the speed of each
movable body of the other movable bodies 1s not within
the predetermined range of the speed change.
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